Tannase activity of bacteria capable of degrading tannin-protein complexes was determined by a newly developed visual reading method. The method is based on two phenomena: (i) the ability of tannase to hydrolyze methyl gallate to release free gallic acid and (ii) the green to brown coloration of gallic acid after prolonged exposure to oxygen in an alkaline condition. The method has been successfuly used to detect the presence of tannase in the cultures of bacteria capable of degrading tannin-protein complexes.
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Tannase (tannin acylhydrolase) hydrolyzes various gallic acid (GA) esters, such as gallotannin and tannic acid (9) , which have strong protein-binding properties. The enzyme is common in some fungal strains belonging to the genera Aspergllus (8) and Candida (1) . Several techniques using photometry (la) or spectrophotometry (2, 7) have been previously reported for detection of tannase activity. These analytical methods were based on enzymatic hydrolysis of the GA esters. Jean et al. (4) developed a gas chromatographic method which determines the production of GA after enzymatic hydrolysis of methyl gallate (MG) by fungal tannase. MG is one of the gallate esters, consisting of a molecule of methyl alcohol esterified by a molecule of GA.
Recently, Osawa (5, 6) reported that many strains of Streptococcus bovis biotype I and a group of enterobacterial strains were capable of degrading tannic acid-protein complexes (T-PC). These strains formed distinct, clear zones around colonies on tannic acid-treated plate media. However, little is known about the mechanism involved in the degradation. We have investigated whether this phenomenon is due to tannase activity in these strains by highperformance liquid chromatography (HPLC)-based detection of GA released from the enzymatic hydrolysis of MG. We also report the development of a simplified method for detection of tannase activity.
We initially used a total of six strains, including two strains of T-PC-degrading enterobacteria (T-PCDE) (strains UQM 3666 and UQM 3667) (6) We also inoculated the strains described above on tannic acid-treated WCAA (T-TWCAA). Preparation of T-TWCAA essentially followed the method described by Osawa (6), except that vancomycin was not added to the medium. T-TWCAA was incubated anaerobically in Type A Bio-Bags (Becton Dickinson and Co., Cockeysville, Md.) at 37°C for 5 days in order to determine bacterial T-PC degradation.
At 15 and 30 min and 1, 2, 4, and 24 h of incubation, 1 ml of the suspension was aseptically removed, centrifuged at 3,000 x g for 1 min, and filter sterilized. The aliquot thus prepared was used for detection of GA, the presence of which was interpreted as positive for tannase. The detection was performed by three different methods: reversed-phase HPLC, spectrophotometry, and visual reading. The HPLC method essentially followed the method described by Hoefler and Coggon (3) for the GA assay. In this method, the sample was acidified with an equal amount of 0.1 N HCI before the assay. The acidification was necessary to prevent oxidation of the GA which might be released in the substrate medium because of bacterial tannase activity. In the spectrophotometric and visual reading methods, the samples were alkalinized with equal amounts of saturated NaHCO3 solution (pH 8.6) and then left in the atmosphere at room temperature (23°C) for an appropriate time. This alkalinization facilitated nonenzymatic oxidation of GA to form polymerized compounds of o-quinone derivatives (9) , resulting in green to brown coloration of the medium. Longer exposure to oxygen in the atmosphere enhanced the coloration, but if the exposure exceeded 1 h, a delayed oxidation of MG became visually apparent with the development of light yellow to orange coloration in the medium. Such complicated color development was also confirmed by subsequent scanning spectrophotometry and made it difficult for us to recognize the color development specific to the oxidized GA. It was thus decided that coloration of the sample should be measured after 1 h of exposure for both the spectrophotometric and the visual reading methods.
In the spectrophotometric method, A440 of the coloration was read in a spectrometer (DMS 200; Varian Pty Ltd., Mulgrave, Australia). In the visual reading method, green to brown coloration of the medium was judged as a positive result for tannase. In all three methods, a plain, sterile MG substrate medium with GA (Sigma) at a final concentration of 0.1 mmol/liter after acidification or alkalinization and the medium without GA were used as positive and negative controls, respectively. 254-nm detector; column, puBondapak C18 reverse-phase packing (10 pum); detection limit, 0.01 mmol/liter. The maximum concentration of GA expected was 10 mmol/liter if MG in the medium was completely hydrolyzed. c +, green to brown tinging of the medium; -, no tinging or light yellow tinging of the medium.
methods. For T-PCDE, tannase activity was detected even in the first 15 min of the incubation by all three methods, whereas a 24-h incubation was necessary for T-PCDS to produce positive readings by the spectrophotometric and visual reading methods. Such enzymatic activity was not detected by any method for the S. bovis biotype II (UQM 3539T) and E. coli (UQM 845) strains examined. These strains gave negative results in the clear zone test, while the T-PCDE and T-PCDS strains all gave positive results. Additional visual reading and clear zone tests with a total of 78 bacterial strains revealed a significant consistency in the results ( Table 2 ). The evidence indicates major involvement b Includes E. coli (five strains), Klebsiella pneumoniae (five strains), Klebsiella oxytoca (two strains), Enterobacter agglomerans (one strain), Enterobacter aerogenes (one strain), Citrobacterfreundii (one strain), Serratia marcescens (one strain), Proteus mirabilis (one strain), Shigella dysenteriae (one strain), S. bovis biotype II (five strains), Streptococcus equinus (two strains), Streptococcus lactis (four strains), Streptococcus mitis (one strain), Streptococcus equi (one strain), Streptococcus anginosus (one strain), Streptococcus pneumoniae (one strain), Streptococcus pyogenes (one strain), Streptococcus agalactiae (one strain), Enterococcusfaecalis (one strain), and Enterococcus faecium (one strain).
c Number of strains (mostly streptococci) that grew poorly on T-TWCAA.
of bacterial tannase in T-PC degradation.
The visual reading method is a simple, reliable method for detection of bacterial tannase. It does not require sophisticated analytic equipment such as an HPLC, a gas chromatograph, or a spectrometer, and it can be incorporated into a conventional test system for bacterial identification.
